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(57) Abstract 



A thermally conductive interface, which may be in the form of a double-sided, pressure sensitive adhesive tape, disposable intermediate 
a heat-generating source having a first heat transfer surface formed of a first material having a low surface energy, and a thermal dissipation 
member having a second heat transfer surface which is formed of a second material having a surface energy substantially higher than 
the surface energy of the first material, and which is disposable opposite the first heat transfer surface of the heat-generating source in a 
spaced-apart, heat transfer adjacency therewith. The interface includes a first pressure sensitive adhesive (PSA) surface which is bondable 
under pressure to at least a portion of the first heat transfer surface of the heat-generating source, and an opposing second pressure 
sensitive adhesive (PSA) surface bondable under pressure to at least a portion of the second heat transfer surface of the heat-generating 
source. The first PSA surface is presented from a layer of a thermally— conductive, first pressure sensitive adhesive composition, preferably 
silicone-based, having an affinity to the first heat transfer surface of the heat generating source. In turn, the second PSA surface is presented 
from a layer of a second pressure sensitive adhesive composition, preferably acrylic-based, different from the first composition and having 
an affinity to the second heat transfer surface of the thermal dissipation member. The interface is particularly adapted for bonding a plastic 
packaged electronic component to a metal heat sink. 
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DOUBLE-SIDE, THERMALLY CONDUCTIVE ADHESIVE TAPE 
FOR PLASTIC-PACKAGED ELECTRONIC COMPONENTS 



BACKGROUND OF THE INVENTION 

The present invention relates broadly to a thermal management material which is 
interposable as an interface between, for example, the heat transfer surfaces of a heat-generating, 
electronic component such as an integrated circuit (IC) chip, and a thermal dissipation member, 
5 such as a heat sink or circuit board, for the conductive cooling of the electronic component. More 
particularly, the invention relates to a double-side, pressure sensitive adhesive tape adapted for 
attachine a metal heat sink to a plastic-encapsulated or "packaged," heat-generating electronic 
component. 

Circuit designs for modern electronic devices such as televisions, radios, computers, 

10 medical instruments, business machines, communications equipment, and the like have become 
increasingly complex. For example, integrated circuits have been manufactured for these and 
other devices which contain the equivalent of hundreds of thousands of transistors. Although the 
complexity of the designs has increased, the size of the devices has continued to shrink with 
improvements in the ability to manufacture smaller electronic components and to pack more of 

1 5 these components in an ever smaller area. 

As electronic components have become smaller and more densely packed on integrated 
boards and chips, designers and manufacturers now are faced with the challenge of how to 
dissipate the heat which is ohmicly or otherwise generated by these components. Indeed, it is well 
known that many electronic components, and especially power semiconductor components such as 

20 transistors and microprocessors, are more prone to failure or malfunction at high temperatures. 
Thus, the ability to dissipate heat often is a limiting factor on the performance of the component. 

Electronic components within integrated circuits traditionally have been cooled via forced 
or convective circulation of air within the housing of the device. In this regard, cooling fins have 
been provided as an integral part of the component package or as separately attached thereto for 

25 increasing the surface area of the package exposed to convectively-deveioped air currents. Electric 

fans additionally have been employed to increase the volume of air which is circulated within the 
housing. For high power circuits and the smaller but more densely packed circuits typical of 
current electronic designs, however, simple air circulation often has been found to be insufficient 
to adequately cool the circuit components. 
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Heat dissipation beyond that which is attainable by simple air circulation may be effected 
bv the direct mounting of the electronic component to a thermal dissipation member such as a 
"cold plate" or other heat sink. The heat sink may be a dedicated, thermally-conductive metal 
plate, or simply the chassis or circuit board of the device. However, beyond the normal 
5 temperature gradients between the electronic component and the heat sink, an appreciable 
temperature gradient is developed as a thermal interfacial impedance or contact resistance at the 
interface between the bodies. 

That is, and as is described in U.S. Patent No. 4,869,954, the faying thermal interface 
surfaces of the component and heat sink typically are irregular, either on a gross or a microscopic 
10 scale. When the interfaces surfaces are mated, pockets or void spaces are developed therebetween 
in which air may become entrapped. These pockets reduce the overall surface area contact within 
the interface which, in turn, reduces the heat transfer area and the overall efficiency of the heat 
transfer through the interface. Moreover, as it is well known that air is a relatively poor thermal 
conductor, the presence of air pockets within the interface reduces the rate of thermal transfer 
1 5 through the interface. 

To improve the heat transfer efficiency through the interface, a layer of a thermally- 
conductive, electrically-insulating materia! typically is interposed between the heat sink and 
electronic component to fill in any surface irregularities and eliminate air pockets. Initially 
employed for this purpose were materials such as silicone grease or wax filled with a thermally- 
20 conductive filler such as aluminum oxide. Such materials usually are semi-liquid or solid at 
normal room temperature, but may liquefy or soften at elevated temperatures to flow and better 
conform to the irregularities of the interface surfaces. 

For example, U.S. Patent No. 4,299,715 discloses a wax-like, heat-conducting material 
which is combined with another heat-conducting material, such as a beryllium, zinc, or aluminum 
25 oxide powder, to form a mixture for completing a thermally-conductive path from a heated 
element to a heat sink. A preferred wax-like material is a mixture of ordinary petroleum jelly and 
a natural or synthetic wax, such as beeswax, palm wax, or mineral wax, which mixture melts or 
becomes plastic at a temperature above normal room temperature. The material can be excoriated 
or ablated by marking or rubbing, and adheres to the surface on which it was rubbed. In this 
30 regard, the material may be shaped into a rod, bar, or other extensible form which may be carried 
in a pencil-like dispenser for application. 

U.S. Patent No. 4,466,483 discloses a thermally-conductive, electrically-insulating gasket. 
The gasket includes a web or tape which is formed of a material which can be impregnated or 
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loaded with an electrically-insulating, heat conducting material. The tape or web functions as a 
vehicle for holding the meltable material and heat conducting ingredient if any, in a gasket-like 
form. For example, a central layer of a solid plastic material may be provided, both sides of which 
are coated w ith a meltable mixture of wax, zinc oxide, and a fire retardant. 
5 U.S. Patent No. 4,473,113 discloses a thermally-conductive, electrically-insulating sheet 

for application to the surface of an electronic apparatus. The sheet is provided as having a coating 
on each side thereof a material which changes state from a solid to a liquid within the operating 
temperature range of the electronic apparatus. The material may be formulated as a meltable 
mixture of wax and zinc oxide. 

10 U.S. Patent No. 4,764,845 discloses a thermally-cooled electronic assembly which 

includes a housing containing electronic components. A heat sink material fills the housing in 
direct contact with the electronic components for conducting heat therefrom. The heat sink 
material comprises a paste-like mixture of particulate microcrystalline material such as diamond, 
boron nitride, or sapphire, and a filler material such as a fluorocarbon or paraffin. The greases and 

15 waxes of the aforementioned types heretofore known in the art, however, generally are not self- 
supporting or otherwise form stable at room temperature and are considered to be messy to apply 
to the interface surface of the heat sink or electronic component. Moreover, use of such materials 
typically involves hand application or lay-up by the electronics assembler which increases 
manufacturing costs. 

20 Alternatively, another approach is to substitute a cured, sheet- 1 ike material or pad for the 

silicone grease or wax material. Such materials may be compounded as containing one or more 
thermally-conductive particulate fillers dispersed within a polymeric binder, and may be provided 
in the form of cured sheets, tapes, pads, or films. Typical binder materials include silicones, 
urethanes. thermoplastic rubbers, and other elastomers, with typical fillers including aluminum 

25 oxide, magnesium oxide, zinc oxide, boron nitride, and aluminum nitride. 

Exemplary of the aforesaid interface materials is an alumina or boron nitride-filled silicone 
or urethane elastomer which is marketed under the name CHO-THERM® by the Chomerics 
Division of Parker-Hannifin Corp,, 77 Dragon Court, Woburn, MA 01888. Additionally, U.S. 
Patent No. 4,869,954 discloses a cured, form-stable, sheet-like, thermally-conductive material for 

30 transferring thermal energy'. The material is formed of a urethane binder, a curing agent, and one 
or more thermally conductive fillers. The fillers, which may include aluminum oxide, aluminum 
nitride, boron nitride, magnesium oxide, or zinc oxide, range in particle size from about 1-50 
microns (0.05-2 mils). 



WO 99/05722 PCT/IJS98/14975 

4 

U.S. Patent No. 4,654,754 discloses a "'thermal link" for providing a thermal pathwav 
between a heat source and a heat sink. In one embodiment, a thermally conductive elastomeric 
material, such as a silicone filled with silver-copper particles, is formed into a mat having a 
plurality cf raised sections. The raised sections deform under low pressure to conform to the space 
between tne heat source and the heat sink. 

U.S. Patent No. 4,782,893 discloses a thermally-conductive, electricaily-insulative pad for 
placement between an electronic component and its support frame. The pad is formed of a high 
dielectric strength material in which is dispersed diamond powder. In this regard, the diamond 
powder and a liquid phase of the high dielectric strength material may be mixed and then formed 
into a film and cured. After the film is formed, a thin layer thereof is removed by chemical etching 
or the like to expose the tips of the diamond particles. A thin boundary layer of copper or other 
metal then is bonded to the top and bottom surfaces of the film such that the exposed diamond tips 
extend into the surfaces to provide pure diamond heat transfer paths across the film. The pad may 
be joined to the electronic component and the frame with solder or an adhesive. 

U.S. Patent No. 4,842,911 discloses a composite interfacing for the withdrawal and 
dissipation of heat from an electronic, solid-state device by an associated heat sink. The 
interfacing consists of dual layers of a compliant silicone rubber carried on either side of a porous 
glass cloth. The layers are filled with finely-divided heat-conducting particles which may be 
formed of alumina or another metal oxide, or an electrically-conductive material such as nickel or 
graphite. One of the silicone layers is pre-vulcanized, with the other being cured and bonded in 
place once the interfacing has been applied to the heat sink surface for abutment with the 
electronic device. 

Commonly-assigned U.S. Patent No. 4,869,954 discloses a form-stable material for use in 
transferring thermal energy from an electronic component to a heat sink. The material is 
formulated as the reaction product of a urethane resin and a curing agent and is filled with one or 
more thermally conductive fillers such as zinc oxide, aluminum oxide, magnesium oxide, 
aluminum nitride, or boron nitride. The material may be formed as including a support layer of a 
glass cloth, plastic mesh or film, or a metal mesh or foil. 

U.S. Patent No. 4,965,699 discloses a printed circuit device which includes a memory 
chip mounted on a printed circuit card. The card is separated from an associated cold plate by a 
layer of a siliconeeiastomer which is applied to the surface of the cold plate. 

U.S. Patent No. 4,974,1 19 discloses a heat sink assembly which includes an electronic 
component supported on a printed circuit board in a spaced-apart relationship from a heat 
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dispersive member. A thermally-conductive, elastomeric layer is interposed between the board 
and the electronic component. The elastomeric member may be formed of silicone and preferably 
includes a filler such as aluminum oxide or boron nitride. 

U.S. Patent No. 4,979,074 discloses a printed circuit board device which includes a circuit 
5 board separated from a thermally-conductive plate by a pre-molded sheet of silicone rubber. The 
sheet may be loaded with a filler such asalumina or boron nitride. 

U.S. Patent No. 5,060,114 discloses a conformable, gel-like pad having a thermally- 
conductive filler for conducting heat away from a packaged electronic power device. The pad is 
formed of a cured silicone resin which is filled with a thermally-conductive material such as 
10 aluminum powder, nickel, aluminum oxide, iron oxide, beryllium oxide, or silver. A thin sheet of 
a thermally-conductive metal such as aluminum is positioned in contact with the surface of the 
conformable pad for increased thermal transfer. 

Commonly-assigned U.S. Patent No. 5,137,959 discloses a thermally-conductive, 
electrically insulating interface material comprising a thermoplastic or cross linked elastomer filled 
15 with hexagonal boron nitride or alumina. The material may be formed as a mixture of the 
elastomer and filler, which mixture then may be cast or molded into a sheet or other form. 

U.S. Patent No. 5,151,777 discloses an interface device of thermally coupling an 
integrated circuit to a heat sink. The device includes a first material, such as copper, having a high 
thermal conductivity, which is provided to complete iy surround a plurality of inner core regions. 
20 The inner core regions contain a material such as an iron-nickel alloy having a low coefficient of 
thermal expansion. 

Commonly-assigned U.S. Patent No. 5,194,480 discloses another thermally-conductive, 
electrically-insulating filled elastomer. A preferred filler is hexagonal boron nitride. The filled 
elastomer may be formed into blocks, sheets, or films using conventional methods. 

25 Commonly-assigned U.S. Patent Nos. 5,213,868 and 5,298,791 disclose a thermally- 

conductive interface material formed of a polymeric binder and one or more thermally-conductive 
fillers. The fillers may be particulate solids, such as aluminum oxide, aluminum nitride, boron 
nitride, magnesium oxide, or zinc oxide. The material may be formed by casting or molding, and 
preferably is provided as a laminated acrylic pressure sensitive adhesive (PSA) tape. At least one 

30 surface of the tape is provided as having channels or through-holes formed therein for the removal 
of air from between that surface and the surface of a substrate such as a heat sink or an electronic 
component. Such a tape is marketed commercially by the Chomerics Division of Parker-Hannifin 
Corp., Woburn, MA, under the tradename THERMATTACH®. 
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U.S. Patent No. 5.309.320 d.scioses a "conduction convener" for a printed circuit board 
hav.ng electronic components. The convener includes a body of a thermally conductive dielectric 
material, such as an alumina-filled RTV silicone, which is molded to the exact configuration of the 
electronic components. The convener may be clamped intermediate a cold plate and the circuit 
board to conductively remove heat from the electronic components. 

U.S. Patent No. 5.321.582 discloses an electronic component heat sink assembly which 
includes a thermally-conductive laminate formed of poiyamide which underlies a layer of a boron 
nitride-filled silicone. The laminate is interposed between the electronic component and the 
housing of the assembly. 

Commonly-assigned U.S. Patent No. 5,510.174 discloses a thermally-conductive, titanium 
diboride (TiB 2 ) filler providing improved thermal conductivity at low application pressures. The 
filler may be incorporated intoeiastomers, films, and tapes. 

U.S. Patent No. 5,545,473 discloses a thermally conductive interface for electronic 
components. The interface is formed of an open structure fluoropolymer material such as an 
expanded polytetrafluoroethyiene. Thermally conductive panicles, which may be formed of a 
metal or metal oxide, or another material such as boron nitride, aluminum nitride, diamond 
powder, or silicone carbide, are attached to portions of thefluoropolymer material. 

U.S. Patent Nos. 5,533.256 and 5,471,027 disclose a method of joining a multi-layered 
ceramic (MLC) electronic package. The method involves the use of a double-sided, pressure- 
sensitive, thermally-conductive adhesive tape to directly bond the heat sink to an upper, exposed 
surface of the chip as mounted on a circuit board. 

International Publication No. WO 96/37915 discloses an electronic assembly including an 
active circuit having surface mount components, an insulating layer, and an aluminum heat sink. 
The insulating layer comprises an unfilled thermoplastic sheet having adhesive layers on opposite 
sides thereof. The adhesive layers preferably are selected as a thermoplastic or thermosetting 
adhesive or pressure sensitive adhesive formulation containing a thermally-conductive and, 
optionally, electrically-conductive filler material which may be a metallic, inorganic, or ceramic 
particulate. The unfilled sheet preferably is a thin film of an engineering thermoplastic such as a 
polyester, polyetherimides, poiyimide, or the like. A preferred adhesive is a solvent-borne, water- 
based, or hot melt thermoplastic adhesive. 

U.S. Patent No. 4,606,962 discloses an electrically and thermally conductive adhesive 
transfer tape for attaching individual semiconductor dies or chips to conductive substrates. The 
transfer tape comprises a flexible, low-adhesion carrier web to which is lightly adhered a layer of 
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an adhesive containing eiectricaiiy and thermally conductive particles. The particle containing 
adhesive layer is removed from the carrier web and compressed between the die and the substrate 
for attaching the die to the substrate. 

A double coated film tape is marketed commercially by 3M, St. Paul, MN, under the 
5 tradename "9731." A firm silicone PSA system is coated on the inside of a 0.055-inch (0.14 mm) 
thick poivester film carrier, with a high performance acrylic adhesive being coated on the outside 
of the carrier. Such tape is stated to feature the strong holding power of a silicone adhesive to 
various silicone surfaces, along with the high adhesion of an acrylic adhesive to a variety of 
surfaces. 

1 o Sheets, pads, and tapes of the above-described types have garnered general acceptance for 

use as interface materials in the conductive cooling of electronic component assemblies such as the 
semiconductor chips, i.e., dies described in U.S. Patent No. 5,359,768. It will be appreciated, 
however, that further improvements in these types of interface materials are called for in response 
to developments made by the electronics industry. Specifically regarding the fabrication of 

15 semiconductor dies, heretofore such dies typically were packaged by encapsulation in a ceramic 
chip carrier. External connections provided on the chip carrier allow for the chip to be mounted 
onto a printed circuit board (PCB) by wire bonding electrical leads on the carrier through a 
common mounting surface on the board, or by surface mounting the earner directly to the 

— - — — 1—. ~ r>Mf^nrt£i /^-f* t K £» \~\r\nrri 

20 Recently, the industry trend has been away from ceramic chip carrier packages and toward 

plastic packages. Usually molded of an engineering thermoplastic material such as polyethylene 
terephthalate (PETP), poiyphenylene sulfide (PPS), polyetherimide (PEI), poiyetherether ketone 
(PEEK), polyetherketone (PEK), or polyimide (PI), or a thermosetting material such as an epoxy 
or an epoxv-phenolic composite, these plastic chip packages typically are less expensive than their 

25 ceramic counterparts. However, the thermal interface materials previously known in the art were 
designed for use with ceramic substrates, and not for use with the low surface energy, plastic 
substrates now common in the commercial electronics market. Especially desired, therefore, 
would be a thermal interface material which is particularly adapt to bond or otherwise couple a 
plastic packaged die or other heat generating electronic component to a metal thermal dissipation 

30 member, such as a plate or pin fin heat sink, or to another metal surface such as that of a cold plate 
or chassis. The preferred material would provide an effective thermal interface between the 
electronic component and the heat sink, while exhibiting improved adhesion to low surface energy 
substrates. 
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BROAD STATEMENT OF THE INVENTION 

The present invention is directed to a thermal interface, and particularly to a double-sided, 
thermaiiy-conductive, pressure sensitive adhesive (PSA) tape or other laminate adapted for 
bonding or otherwise coupling a plastic packaged electronic die or other component in a 
5 conductive heat transfer relationship with a metal thermal dissipation member such as a metai heat 
sink or chassis. In this regard, the interface includes a PSA surface or side formed of a layer of a 
thermaiiy-conductive, first PSA composition having an affinity to the low energy surface of the die 
material, and an opposing second PSA surface or side formed of a layer of a second PSA 
composition which is different from the first composition and which has an affinity to the higher 

10 energy surface of the heat sink or chassis material. 

In a preferred embodiment, the second PSA composition is formulated as an acrylic-based 
PSA which is rendered thermally conductive via its loading with a thermally-conductive 
paniculate filler such as an aluminum oxide. The first PSA composition, in turn, is preferably is 
formulated as a silicone-based PSA which, optionally, is rendered thermally conductive via its 

15 loading with a thermaiiy-conductive, particulate filler such as an aluminum oxide. For ease of 
handling and application, the adhesive layers may be coated on respective sides of a carrier 
interlayer, such as a polymeric film or a metal foil, to form a tape which may be faced on one or 
both sides with a release liner and then wound on a roll. In use, individual interface elements may 
be machine or manually cut from the roll as configured to conform to the margins of the associated 

20 heat transfer surfaces of, for example, the electronic component and heat sink. Then, with the 
release liner or liners removed, each side of the tape may be adhered under pressure to the 
corresponding heat transfer surface of the electronic component or heat sink. Optionally, the 
surfaces of the adhesives layers may be embossed with a cross-hatched pattern, as is shown in the 
commonly-assigned U.S. Patent Nos. 5,213,868 and 5,298,791, for additional conformably to the 

25 heat transfer surfaces with minimal air pockets. 

A feature of a preferred embodiment of the present invention therefore is to provide an 
assembly which includes a heat-generating source, a thermal dissipation member, and a thermally 
conductive interface disposed intermediate the heat-generating source and the thermal dissipation 
member to provide a thermally conductive pathway therebetween. The heat-generating source has 

30 a first heat transfer surface formed of a first material, such as a plastic, having a low surface 
energy, with the thermal dissipation member having a second heat transfer surface which is formed 
of a second material, such as a metal, having a surface energy substantially higher than the surface 
energy of the first material. The second heat transfer surface of the thermal dissipation member is 
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disposed opposite the first heat transfer surface of the heat-generating source in a spaced-apart, 
heat transfer adjacency therewith. The interface includes a first pressure sensitive adhesive (PSA) 
surface bonded to at least a portion of the first heat transfer surface of the heat-generating source 
and an opposing second pressure sensitive adhesive (PSA) surface bonded to at least a portion of 
5 the second heat transfer surface of the heat-generating source. The first PSA surface is presented 
from a layer of a thermal ly conductive first pressure sensitive adhesive composition, preferably 
silicone-based, having an affinity to the first heat transfer surface of the heat generating source. 
The second PSA surface is presented from a layer of a second pressure sensitive adhesive 
composition, preferably acrylic-based, different from the first composition and having an affinity 

10 to the second heat transfer surface of the thermal dissipation member. 

Another feature of a preferred embodiment of the present invention is to provide a 
thermally conductive interface disposable intermediate a heat-generating source having a first heat 
transfer surface formed of a first material, such as a plastic, having a low surface energy, and a 
thermal dissipation member having a second heat transfer surface which is formed of a second 

15 material, such as a metal, having a surface energy substantially higher than the surface energy of 
the first material, and which is disposable opposite the first heat transfer surface of the heat- 
generating source in a spaced-apart, heat transfer adjacency therewith. The interface includes a 
first pressure sensitive adhesive (PSA) surface which is bondable under pressure to at least a 
portion of the first heat transfer surface of the heat- gen crating source, and an opposing second 

20 pressure sensitive adhesive (PSA) surface bondable under pressure to at least a portion of the 
second heat transfer surface of the heat-generating source. The first PSA surface is presented from 
a layer of a thermally conductive, first pressure sensitive adhesive composition, preferably 
silicone-based, having an affinity to the first heat transfer surface of the heat generating source. In 
turn, the second PSA surface is presented from a layer of a second pressure sensitive adhesive 

25 composition, preferably acrylic-based, different from the first composition and having an affinity 
to the second heat transfer surface of the thermal dissipation member. 

Another feature of a preferred embodiment of the present invention is to provide a method 
of attaching a heat-generating source having a first heat transfer surface formed of a first material 
having a low surface energy to a thermal dissipation member having a second heat transfer surface 

30 formed of a second material having a surface energy substantially higher than the surface energy of 
the first material. The method involves providing a thermally conductive tape including opposing 
first and second pressure sensitive adhesive (PSA) surfaces. The first PSA surface is presented 
from a layer of a thermally conductive, first pressure sensitive adhesive composition having an 
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affinity to the first heat transfer surface of the heat generating source, with the second pressure 
sensitive adhesive (PSA) surface being presented from a layer of a second pressure sensitive 
adhesive composition which is different from the first composition and has an affinity to the 
second heat transfer surface of the thermal dissipation member. In no particular order, at least a 
portion of the first and second heat transfer surfaces of the heat-generating source and thermal 
dissipation member are bonded under pressure to the corresponding first or second PSA surface of 
the tape such that the first heat transfer surface is disposed opposite the second heat transfer 
surface of the heat generating source in a spaced-apan, conductive heat transfer adjacency 
therewith. 

Advantages of the present invention include an interface material that may be provided in 
the form of a double-sided, pressure sensitive adhesive tape, and that is particularly adapted for 
bonding a low surface energy substrate, such as a plastic packaged electronic component, without 
the use of a primer to a metal heat sink or chassis wall. Additional advantages include a double- 
sided, thermally-conductive adhesive tape which may be provided in a roll for automated 
application, and which can be consistently applied using either automated or manual processes for 
precise thermal and adhesive properties. Still further advantages include a thermal interface 
offering an easy "peel and stick" installation without the use of mechanical fasteners such as clips 
or screws. Yet further advantages include a thermal interface that can be removed after application 
for repair or rework. These and other advantages will be readily apparent to those skilled in the art 
based upon the disclosure contained herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a fuller understanding of the nature and objects of the invention, reference should be 
had to the following detailed description taken in connection with the accompanying drawings 
wherein: 

Fig. 1 is a fragmentary, cross-sectional view of an electrical assembly in accordance with 
the present invention wherein a plastic-packaged, heat-generating electronic component is attached 
for its conductive cooling to a metal heat sink by way of a thermally conductive interface having 
one side formed of a layer of a thermally-conductive, pressure sensitive adhesive composition 
exhibiting an affinity to the low energy plastic surface of the electronic component and an 
opposing second side formed of a layer of a thermally-conductive, pressure sensitive adhesive 
composition which is different from the first composition and which exhibits an affinity to the 
higher energy metal surface of the heat sink; 
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Fig. 2 is a perspective view of one embodiment of the thermally-conductive interface of 
the present invention as provided in the form of a double-sided, pressure sensitive adhesive tape, 
the view being shown with portions being broken away and sectioned to reveal the structure of the 
tape; 

5 Fig. 3 is an end view of the tape of Fig. 2 as provided between a pair of release sheets and 

wound into a roll to facilitate the dispensing and application thereof; and 

Fig. 4 is a cross-sectional edge view of a portion of the roll of Fig. 3 which is enlarged to 
detail the structure thereof 

The drawings will be described further in connection with the following Detailed 
10 Description of the Invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to die drawings wherein corresponding reference characters indicate 
corresponding elements throughout the several views shown, depicted generally at 10 in Fig. 1 is 

1 5 an electrical assembly according to the present invention which includes a heat-generating source 
such as a digital or analog electronic component, 12, supported on an associated printed circuit 
board (PCB) or other substrate, 14. Electrical component 12 is considered for illustrative purposes 
to be an integrated microchip, microprocessor, transistor, or other power semiconductor die which 
is packaged by encapsulation in a chip carrier funned of a plastic material such as polyethylene 

20 terephthalate (PETP), poiyphenyiene sulfide (PPS), polyetherimide (PEI), poiyetherether ketone 
(PEEK), polyetherketone (PEK), polyimide (PI), epoxy, or epoxy-phenolic composite. 
Component 12 alternatively may be an ohmic or other heat-generating subassembly or source such 
as a diode, relay, resistor, transformer, amplifier, diac, or capacitor, but in any event generally will 
have an operating temperature in the range of about 60-1 20°C. For the electrical connection of 

25 component 12 to board 14, a pair of leads or pins, 16a and 16b, are provided as extending from 
either end of component 12 into a soldered or other connection with board 14. Leads 16 
additionally may support component 12 above board 14 to define a gap, represented at 17, which 
typically is about 3 mils (75 microns), therebetween. Alternatively, component 12 may be 
received directly on board 14. 

30 As supported on board 14, electronic component 12 presents a first heat transfer surface, 

18, which is disposed in a spaced-apart heat transfer adjacency with an opposing second heat 
transfer surface, 20, of an associated thermal dissipation member, 22, to define an interface region, 
referenced at 23, therebetween. Dissipation member 22 typically is constructed of a metal, such as 
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aluminum or copper, or other material having a heat capacity relative to that of component 12 to be 
effective is dissipating thermal energy conducted or otherwise transferred therefrom. However, in 
being formed of a metal material, second heat transfer surface 20 exhibits a surface energy that is 
substantially higher than the first heat transfer which is formed of a relatively low surface energy 
5 plastic material. As used herein, "low surface energy*' is given its conventional definition of less 
than about 100 dynes/cm. In contrast, the second heat transfer surface 20 generally will be 
considered to have a "high surface energy' 1 of greater than about 500 dynes/cm. 

For purposes of the present illustration, thermal dissipation member 22 is considered to be 
a metal heat sink which, as shown, may be of a plate fin variety configured as having a generally 

10 planar base portion, 24, from which extends a plurality of cooling fins, one of which is referenced 
at 26. Alternatively, thermal dissipation member 22 may be provided as a pin fin or other heat 
sink, heat exchanger, or cold plate, and also may be the PCB itself, as well as an associated 
housing or chassis. With assembly 10 configured as shown, fins 26 assist in the convective 
cooling of component 12, but alternatively may be received within an associated cold plate or the 

15 like, not shown, for further conductive dissipation of the thermal energy transferred from 

component 12. 

With the first heat transfer surface 18 of electronic component 12 disposed in opposing 
thermal adjacency with second heat transfer surface 20 of dissipation member 22, a sheet pad, or 
other layer of a thermally-conductive interface, 30, is interposed therebetween within interfacing 

20 region 23 for providing a conductive pathway for the transfer of thermal energy from component 
12 to dissipation member 20. By "thermally conductive," it is meant that the interface exhibits a 
thermal conductivity of between about 0.1 W/m-°K and about 1 W/m-°K. The pathway provided 
by interface 30 may be employed without or in conjunction with convective air circulation for 
effecting the cooling of component 12 and ensuring that the operating temperature thereof is 

25 maintained below specified limits. As may be seen in the cross-sectional view provided, interface 

30 is both complaint and conformable within interfacing region 23 for the exclusion of air pockets 
or other voids therefrom. That is, interface 30 advantageously improves the efficiency and rate of 
heat transfer through the interfacing region by filling in the region to provide a generally 
continuous interface between the component 12 and the dissipation member 22, and by 

30 substantially conforming to the heat transfer surfaces 18 and 20 thereof Although thermal 
dissipation member 22 is shown to be a separate heat sink member, board 14 itself may be used for 
such purpose by alternatively interposing interface 30 between surface 32 thereof and 
corresponding surface 34 of electronic component 12. 
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Interface 30 is a laminate which includes a first pressure sensitive adhesive (PSA) surface, 
32, which is bonded under pressure to at least a portion of the first heat transfer surface 18 of 
electronic component 12, and an opposing second PSA surface, 34, which is bonded under 
pressure to at least a potion of the second heat-transfer surface 20 of dissipation member 22. In 
5 accordance with the precepts of the present invention, first PSA surface 32 is presented from a 
layer, 36. of a thermally-conductive first PSA composition having an affinity to the first heat 
transfer surface 20 of component 12. Second PSA surface 34, in turn, is presented from a layer, 
38, of a second PSA composition which is different than the first PSA composition and which has 
an affinity to the second heat transfer surface of the dissipation member 22. The term "PSA" is 

10 used herein in its conventional sense to mean that the composition is formulated has having a glass 
transition temperature, surface energy, and other properties such that it exhibits some degree of 
tack at normal room temperature. By "affinity," it is meant that the first PSA composition exhibits 
a preferential adhesion to the low surface energy material of first heat transfer surface 18. with the 
second PSA composition exhibiting a corresponding preferential adhesion to the higher surface 

15 energy material of the second heat transfer surface 20. That is, there is a polar similarity or other 
attraction between the PSA composition and the adherend. For example, it is preferred that the 
first PSA composition exhibits a either a lap or die shear adhesion, according to ASTM D1002 or 
Chomerics Test Procedure No. 54, respectively, of at least about 100 psi (0.7 MPa) to the first heat 
transfer surface, and that the second PSA composition similarly exhibits either a lap or die shear 

20 adhesion, again according to ASTM D1002 or Chomerics Test Procedure No. 54, respectively, of 
at least about 100 psi (0.7 MPa) to second heat transfer surface 20. The adhesion may be 
developed from valence forces, mechanical interlocking action, or a combination thereof. 

With first and second heat transfer surfaces 18 and 20 being formed, respectively, of a 
plastic and a metal material, it is preferred that the first PSA composition is formulated as a 

25 silicone-based PSA component or resin optionally blended with a thermally-conductive filler, with 

the second PSA component being formulated as a blend of an acrylic-based PSA component or 
resin and a thermally-conductive filler. In this regard, acrylic PSA's are known to exhibit strong 
adhesion to a variety of substrates including metal surfaces. However, due to their polar nature, 
acrylic PSA's generally exhibit relatively poor adhesion to low surface energy substrates as 

30 typified by polyoiefins. For example, commercial acrylic PSA's have been observed to exhibit a 
180° peel adhesion on untreated polyethylene of less than 0.5 lb/in. Silicone PSA's, in contrast, 
do exhibit good adhesion to low surface energy substrates such as polyoiefins and other plastics. 
Advantageously, the use of two different PSA formulations facilitates that attachment of 
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dissipation member 22 to component 12 without the use of a dip, spring, or clamp or the like 
which otherwise would have to be provided for applying an external force to develop an interlace 
area contact between the interface 30 and surfaces 18 and 22. 

The acryiic-based PSA component may be a homopoiymer. copolymer, terpolymer, 
5 interpenetrating network, or biend of an acrylic or (meth)acrylic acid, an acryiate such as butyl 

acrylate or other alcohol ester, and/or an amide such as acrylamide. A preferred acrylic PSA, 
marketed commercially by H&N Chemicals, Totowa, NJ, under the trade designation Polytack™ 
100 LV, comprises a blend of ethylene acrylate, acetone, isopropyl alcohol, and toluene at 45-50% 
solids. The siiicone-based PSA component may include a dry or wet film silicone resin or gum. A 

10 preferred silicone PSA, marketed commercially by Adhesives Research, Glen Rock, PA, under the 
trade designation 8026, comprises a polydimethyisiloxane gum and resin dispersion. Another 
preferred silicone, marketed byFlexcon, Spencer. MA, under the trade designation 1078. 

Depending upon the formulation, the respective acrylic or siiicone-based PSA components 
may form a binder into which the thermally-conductive filler is dispersed. The filler generally is 

1 5 included within the binder in a proportion sufficient to provide the thermal conductivity desired for 

the intended application. With respect to the acrylic PSA formulation, a filler loading of between 
20-80% by weight is considered preferred, with a loading of 40-60% being especially preferred. 
With respect to the silicone PSA formulation, only a filler loading of between about 0-10% by 
weight may be tolerated, with higher loading levels having been observed to deieteriously affect 

20 the adhesiveness of the silicone PSA. The size and shape of the filler, however, are not critical for 
the purposes of the present invention. That is, the filler may be of any general shape including 
spherical, flake, platelet irregular, or fibrous, such as chopped or milled fibers, but preferably will 
be a powder or other particulate to assure uniform dispersal and homogeneous mechanical and 
thermal properties. The particle size or distribution of the filler typically will range from between 

25 about 0.25-250 urn (0.01-10 mils), with a range of from about 0.250-75 urn (0.01-3 mils), being 

generally preferred, but as may vary depending upon the thickness of interface 30. The filler also 
may be selected as electrically-nonconductive such that interlayer 30 may provide an electrically- 
insulating but thermally-conductive barrier between electronic component 12 and thermal 
dissipation member 20. Suitable thermally-conductive fillers include boron nitride, aluminum 

30 oxide, aluminum nitride, titanium diboride, magnesium oxide, zinc oxide, silicon carbide, 
beryllium oxide, antimony oxide, and mixtures thereof. Such fillers characteristically exhibit a 
thermal conductivity of about 25-50 W/m-°K. 
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Additional fillers and additives may be included in the formulation depending upon the 
requirements of the particular application envisioned and to the extent that the thermal 
conductivity and electrical properties of the formulation are not overly compromised. Such fillers 
and additives may include conventional wetting, opacifying, or anti-foaming agents, chain 
5 extending oils, tackifiers, pigments, lubricants, stabilizers, flame retardants such as 
decabromodiphenyl oxide, and antioxidants. A solvent or other diluent may be employed during 
the compounding of the formulation to lower the viscosity of the material for improved mixing. 

Turning to Fig. 2, a preferred embodiment of interface 30 is shown at 40 to be provided as 
a length of a laminated, double-sided tape including an optional interlayer carrier or reinforcement 

10 member, 42, which is incorporated as a substrate within the tape. Conventionally, reinforcement 
member 42, which improves the physical strength of the tape for handling, die-cutting, and the 
like, may be provided as a film formed of a thermoplastic material such as a polyimide, a layer of a 
woven fiberglass fabric or cloth, or an aluminum or other metal foil, screen, or expanded mesh. 
Reinforcement member 42 typically will have a thickness of from about 0.0005-0.005 inch 

15 (0.0127-0.127 mm), with a thickness of about 0.002 in (0.050 mm) being preferred for metal foils. 

In the production of commercial quantities of tape 40, the acrylic and silicone PSA 
components of layers 36 and 38 thereof each may be separately compounded with one or more of 
the thermally conductive fillers under conditions of high shear in a roll mill or other mixer. After 
compounding, each of the admixed parts may be coated and cured on a corresponding side 44 or 

20 46 of the reinforcement member 42 in a conventional manner, for example, by a direct process 
such as spraying, knife coating, roller coating, casting, drum coating, dipping, or like, or an 
indirect transfer process. After coating, the tape may be dried to flash the solvent and develop 
adherent PSA film layers 36 and 38. As mentioned, a solvent, diluent, or other vehicle may be 
incorporated during either compounding or coating to control the viscosity of the mixture. 

25 Moreover, and as is described further in commonly-assigned U.S. Patent Nos. 5,213,868 and 
5,298,791, at least one surface 32 and/or 36 of tape 40 may be embossed or otherwise formed with 
a cross-hatched or other pattern of surface channels or like (not shown) for better conformability 
and reduced air entrapment. 

Although not considered critical for purposes of the present invention, the thicknesses of 

30 the film layers 36 and 38 coated on reinforcement member 42 may be about equal and each may 
be between about 0.5 mils (0.0175 mm) and 10 mils (0.25 mm), and preferably at least about 2-3 
mils (0.05-0.075 mm). Advantageously, however, the preferred thicknesses of film layers 36 and 
38 may be individually, i.e., separately, adjusted and varied to ensure conformability to the heat 
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transfer surfaces. That is, for any given heat transfer application, the preferred film layer 
thicknesses will depend upon the relative ''flatness" of the mating surfaces involved, in addition to 
the optimization of certain physical and thermal properties. The preferred film layer, 
reinforcement member, and ultimately, the overall tape thicknesses therefore will represent a 
5 convergence of such thermal and physical properties as thermal conductivity and impedance, and 
peel and shear adhesion strengths. As an example, with reinforcement member 44, tape 40 
typically will have a thickness, referenced at "t" of between about I mil (0.025 mm) and 20 mils 
(0.5 mm), but again as may be varied depending upon the requirements of the intended heat 
transfer application. 

10 For ease of use, tape 40 advantageously may be wound, as is shown generally at 50 in Fig. 

3, into a roil for dispensing and application by an automated or manual process. In this recard, as 
die cut from roll 50 as configured for registration within the margins of the associated heat transfer 
surfaces, a pad of tape 40 may be bonded under pressure to the heat transfer surfaces of the 
assembly involved. As may be better appreciated with additional reference to Fig. 4 wherein a 

1 5 portion, 52, of the tape roll 50 is shown in enhanced detail, it is preferred for ease of handling that 
release liners, 54 and 56, are provided over the PSA surfaces 32 and 34 of the tape. Exemplary 
release liners include face stocks or other films of plasticized polyvinyl chloride, polyesters, 
cellulosics. metal foils, composites, and waxed, siliconized, or other coated paper or plastic having 
a relatively low surface energy to be removable without appreciable lifting of interface 30 from the 

20 substrate to which it is ultimately applied. Representative release sheets include face stocks or 
other films of plasticized polyvinyl chloride, polyesters, cellulosics, metal foils, composites, and 
the like. Alternatively, individual pre-cut pads (not shown) of tape 40 may be provided in roll 
form 50 as carried on release liners 54 and 56. 

In use, the heat transfer surfaces first may be wiped clean with an organic solvent. Tape 

25 40 then may be cut to size and liner 56 removed to expose PSA surface 34. Under a moderate 
pressure of between about 10-30 psi (0.07-0.20 MPa) applied for about 3-15 seconds, surface 34 
may be bonded to the corresponding heat transfer of, for example, the heat sink. Thereafter, liner 
54 may be removed to expose PSA surface 32. With the heat sink centered over the electronic 
component, surface 32 may be bonded to the corresponding heat transfer surface of the 

30 component, again using a moderate pressure of between about 10-30 psi (0.07-0.20 MPa) applied 
for about 3-15 seconds. The ambient temperature, of course, will influence the pressure and time 
schedule and should be between about 22-65°C. It has been observed that about 70% of the 
ultimate adhesive bond strength is achieved upon initial application, with 80-90% being achieved 
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within 15 minutes of application. The ultimate adhesive strength generally is achieved within 36 
hours aging, but the next manufacturing step may be undertaken immediately following the initial 
application. Advantageously, interface 30 may be removed for rework of the assembly using a 
knife or the like inserted into the bondline, with any adhesive remaining on the surface being 
removable with an organic solvent wipe. 

The Examples to follow, wherein ail percentages and proportions are by weight unless 
otherwise expressly indicated, is illustrative of the practicing of the invention herein involved, but 
should not be construed in any limiting sense. 



A thermally-conductive interface laminate was prepared according to the presented 
invention for characterization by cold nipping a 2-3 mil (0.05-0.075 mm) layer of an acrylic PSA 
component (H&N Chemicals Polytack™ 100 LV) blended with about 50% by weight of tabular 
aluminum oxide (Alcoa, Pittsburgh, PA) onto a first side of a 0.002 in (0.050 mm) thick aluminum 
foil carrier. Onto the second side of the carrier was cold nipped a 2-3 mil (0.05-0.075 mm) layer 
of a silicone PSA component (Adhesives Research 8026) to form a double-sided PSA tape. Such 
tape was observed to exhibit the following physical properties: 



EXAMPLES 



EXAMPLE ] 
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Table 1 



Thermal and Mechanical Properties of a 
Representative Interface Tape Lamination 



Property 


Test Method 


Units 


Result 


Thermal Conductivity 


ASTM D5470 


W/m-°K 


0.37 


Thermal Impedance 


ASTM D5470 


°C- in 2 / watt 


0.54 


90° Peel 


ASTM D1000 


PPI 


3.0 


Lap Shear Adhesion 


ASTM D1002 


psi (MPa) 


170 (1.172) 


Die Shear Adhesion 
Aluminum, 25°C 
Aluminum, 150°C 


Chomerics No. 54 1 


psi 


170 
40 


Creep Adhesion 

25°C, 12 psi (0.083 MPa) 
150°C, 12 psi (0.083 MPa) 


PSTC ttl 


days 


>50 
>50 



1 Tape and six dies applied to an Ai panel, exposed to 150°C for 1000 hours, and then die 
shear strength tested at room temperature. 



These and other physical properties will vary, of course, with the filler loading level and 
with the use of optional additives. 



EXAMPLE 2 

Comparative double-sided, thermally-conductive interface tape systems were prepared to 
confirm the precepts of the present invention. In each of the systems, a 2.5-3 mil (0.056-0.075 
mm) thick layer of an acrylic-based PSA component (H&N Chemicals Polytack™ 100 LV) 
blended with about 50% by weight of alumina was nipped onto a first side of a 0.002 in (0.050 
mm) thick aluminum foil carrier. In a first system identified as ^'Sample A" in Table 2 which 
follows, a 1 mil (0.025 mm) layer of an unfilled, first silicone-based PSA component (Adhesives 
Research 8026) was nipped onto the second side of one of the carriers. Similarly, in a second 
system identified as "Sample B" in Table 2, a 1 mil (0.025 mm) layer of an unfilled, second 
silicone-based PSA component (Flexcon 1078) was nipped onto the second side of the other one 
of the carriers. The physical properties, namely 90° peel (ASTM D1000), lap shear (ASTM 
D1002) under different bond pressures, creep adhesion (PSTC #7), and die shear adhesion 
(Chomerics Test Procedure No. 54), of each of the sample tape systems were characterized 
following various thermal and vibratory exposures schedules. Where applicable, the silicone- 
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based PSA side of the tape was bonded to a plastic substrate, namely either: (i) an injection 
molded epoxy packaged 40 pin, 2" x 0.55" DIP chip; (ii) an injection molded epoxy packaged Top 
Line™ 80386 plastic quad flat pack (PQFP); or (iii) an epoxy-fiberglass FR4 composite. The 
acrylic-based PSA side of the tape, in turn, was bonded to either a type-2024 aluminum die or 
coupon. The following results and failure modes, with "S" denoting a silicone adhesive failure 
and "A" denoting an acrylic adhesive failure were observed: 

Table 2 

Comparative 2X-Tape Constructions 



Sample 



Heat Aged Temp. Cycling High Temp/Humidity 

Control (25°C) 1000h@125°C 1000 cyl. (25-1 25°C) 85°C/95%RH/1000h 
ABA 



B 



B 



B 



15 



Peel (ppi) 
DIP to Al 



3.3 



2.3 



3.1 



2.5 



3.3 



2.5 



2.5 2.5 



Lap Shear ( psi) 
FR4 to AI 

2-5 lbs 

25 lbs 



60 
170 



85 
170 



117.2 123 



127 



66 



132 180 



Creep (days) 
FR4 to Al 

25°C, 2000 g/in 2 
125°C, 500 g/in 2 



>50 
•> 9 



>50 



30 



Die Shear (psi) 

FR4 to Al 

25°C 172-A 

125°C 40 

150°C 21 

80386 PQFP to Al 

25°C 153-A 

125°C 63.4-A 



170-A 336-S 1 391-A 1 
40 117-A 1 103-A 1 
20 



178-A 208-S 
69.3-A 



333-S 242-S 



280.5-S 



383-S 273-S 



35 



1 Heat aged 168h @ 125°C. 



The foregoing results confirm that each of the respective sides of the double-side, PSA 
tape system of the present invention exhibits good adhesion to its corresponding high or low 
surface energy substrate. These results also suggest a preferred lap or die shear adhesion strength 
40 of each tape side on the corresponding high or low energy surface of at least about 100 psi (0.7 
MPa), with higher values being observed under most conditions. 
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CLAIMS 

What is claimed is: 

1. An assembly comprising: 

a heat-generating source having a first heat transfer surface formed of a first material 
having a low surface energy; 

a thermal dissipation member having a second heat transfer surface which is formed of a 
second material having a surface energy substantially higher than the surface energy of said first 
material, and which is disposed opposite the first heat transfer surface of said heat-generating 
source in a spaced-apart, heat transfer adjacency therewith; and 

a thermally conductive interface disposed intermediate said heat-generating source and 
said thermal dissipation member to provide a thermally conductive pathway therebetween, said 
interface comprising a first pressure sensitive adhesive (PSA) surface bonded to at least a portion 
of the first heat transfer surface of the heat-generating source and an opposing second pressure 
sensitive adhesive (PSA) surface bonded to at least a portion of the second heat transfer surface of 
the heat-generating source, said first PSA surface being presented from a layer of a first pressure 
sensitive adhesive composition having an affinity to the first heat transfer surface of the heat 
generating source, and said second PSA surface being presented from a layer of a second pressure 
sensitive adhesive composition different from said first composition and having an affinity to the 
second heat transfer surface of the thermal dissipation member. 

2. The assembly of claim 1 wherein said interface further comprises a substrate 
having a first support surface and an opposing second support surface, said layer of said first 
pressure sensitive adhesive composition being coated on said first support surface, and said layer 
of said second pressure sensitive adhesive composition being coated on said second support 
surface. 

3. The assembly of claim 2 wherein said substrate is selected from the group 
consisting of metal foils, polymeric films, expanded metal meshes, and fiberglass fabrics. 

4. The assembly of claim 1 wherein said first and said second PSA surface of said 
interface define a thickness dimension therebetween, and wherein said interface has a thickness of 
between about 1 mil (0.025 mm ) and 20 mils (0.5 mm). 
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5. The assembly of claim 1 wherein said first material has a surface energy of less 
than about 100 dynes/cm and said second material has a surface energy of greater than about 500 
dynes/ cm. 

6. The assembly of claim 1 wherein said first material is a plastic and said second 
material is a metal. 

I. The assembly of claim 1 wherein said heat generating source is a plastic 
packaged electronic component and said thermal dissipation member is a metal heat sink. 

8. The assembly of claim 1 wherein said first pressure sensitive adhesive 
composition comprises a silicone pressure sensitive adhesive component optionally blended with a 
first thermally-conductive filler, and wherein said second pressure sensitive adhesive composition 
comprises a blend of an acrylic pressure sensitive adhesive component and a second thermally- 
conductive filler. 

9. The assembly of claim 8 wherein said first pressure sensitive adhesive 
composition comprises between 0% and about ! 0% by weight of said first thermally-conductive 
filler, and wherein said second pressure sensitive adhesive composition comprises between about 
20% and about 80% by weight of said second thermally conductive filler. 

10. The assembly of claim 9 wherein said first and said second thermally- 
conductive filler are selected from the group consisting of boron nitride, titanium diboride, 
aluminum oxide, aluminum nitride, magnesium oxide, zinc oxide, silicon carbide, beryllium oxide, 
antimony oxide, and mixtures thereof 

I I . The assembly of claim 1 wherein said interface has a thermal conductivity of 
between about 0. 1 W/m-°K and about 1 W/m-°K. 

12. The assembly of claim 1 wherein said first and said second PSA surface of said 

interface define a thickness dimension therebetween, and wherein said layer of said first pressure 
sensitive adhesive composition has a thickness of between about 0.5 mils (0.0175 mm) and 10 
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mils (0.25 mm), and said layer of said second pressure sensitive adhesive composition has a 
5 thickness of between about 0.5 mils (0.0175 mm) and 10 mils (0.25 mm). 

13. The assembly of claim 1 wherein said first pressure sensitive adhesive 
composition exhibits one or both of a lap or die shear adhesion strength, according to ASTM 
D1002 or Chomerics Test Procedure No. 54, respectively, of at least about 100 psi (0.7 MPa) to 
said first material, and wherein said second pressure sensitive adhesive composition exhibits one 

5 or both of a lap or die shear adhesion, according to ASTM D1002 or Chomerics Test Procedure 
No. 54, respectively, of at least about lOOpsi (0.7 MPa) to said second material. 

14. A thermally conductive interface disposable intermediate a heat- gene rating 
source and a thermal dissipation member for providing a thermally conductive pathway 
therebetween, the heat-generating source having a first heat transfer surface formed of a first 
material having a low surface energy and the thermal dissipation member having a second heat 

5 transfer surface which is formed of a second material having a surface energy substantially higher 
than the surface energy of said first material, and which is disposable opposite the first heat 
transfer surface of the heat-generating source in a spaced-apart, heat transfer adjacency therewith, 
said interface comprising a first pressure sensitive adhesive (PSA) surface bondable under pressure 
to at least a portion of the first heat transfer surface of the heat- generating source, and an opposing 

10 second pressure sensitive adhesive (PSA) surface bondable under pressure to at least a portion of 
the second heat transfer surface of the heat-generating source, said first PSA surface being 
presented from a layer of a first pressure sensitive adhesive composition having an affinity to the 
first heat transfer surface of the heat generating source, and said second PSA surface being 
presented from a layer of a second pressure sensitive adhesive composition different from said first 

1 5 composition and having an affinity to the second heat transfer surface of the thermal dissipation 
member. 

15. The interface of claim 14 further comprising a substrate having a first support 
surface and an opposing second support surface, said layer of said first pressure sensitive adhesive 
composition being coated on said first support surface, and said layer of said second pressure 
sensitive adhesive composition being coated on said second support surface. 
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16. The interface of claim 15 wherein said substrate is selected from the group 
consisting of metal foils, polymeric films, expanded metal meshes, and fiberglass fabrics. 

17. The interface of claim 14 wherein said first and said second PSA surface define 
a thickness dimension therebetween, and wherein said interface has a thickness of between about 1 
mil (0.025 mm ) and 20 mils (0.5 mm). 

18. The interface of claim 14 wherein the first material has a surface energy of less 
than about 100 dynes/cm and the second material has a surface energy of greater than about 500 
dynes/cm. 

19. The interface of claim 14 wherein the first material is a plastic and the second 
material is a metal. 

20. The interface of claim 14 wherein the heat generating source is a plastic 
packaged electronic component and the thermal dissipation member is a metal heat sink. 

21. The interface of claim 14 wherein said first pressure sensitive adhesive 
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first thermally-conductive filler, and wherein said second pressure sensitive adhesive composition 
comprises a blend of an acrylic pressure sensitive adhesive component and a second thermally- 
conductive filler. 

22. The interface of claim 21 wherein said first pressure sensitive adhesive 
composition comprises between 0% and about 10% by weight of said first thermally-conductive 
filler, and wherein said second pressure sensitive adhesive composition comprises between about 
20% and 80% by weight of said second thermally conductive filler. 

23. The interface of claim 22 wherein said first and said second thermally- 
conductive filler are selected from the group consisting of boron nitride, titanium diboride, 
aluminum oxide, aluminum nitride, magnesium oxide, zinc oxide, silicon carbide, beryllium oxide, 
antimonv oxide, and mixtures thereof. 
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24. The interlace of claim 14 having a thermal conductivity of between about 0.1 

W/m-°K and about 1 W7m-°K. 



25. The interlace of claim 14 wherein said first and said second PSA surface define 
a thickness dimension therebetween, and wherein said layer of said first pressure sensitive 
adhesive composition has a thickness of between about 0.5 mils (0.0175 mm) and 10 mils (0.25 
mm), and said layer of said second pressure sensitive adhesive composition has a thickness of 

5 between about 0.5 mils (0.0 1 75 mm) and 1 0 mils (0.25 mm). 

26. The interface of claim 14 wherein said first pressure sensitive adhesive 
composition exhibits one or both of a lap or die shear adhesion strength, according to ASTM 
D1002 or Chomerics Test Procedure No. 54, respectively, of at least about 100 psi (0.7 MPa) to 
said first material, and wherein said second pressure sensitive adhesive composition exhibits one 

5 or both of a lap or die shear adhesion, according to ASTM D1002 or Chomerics Test Procedure 
No. 54, respectively, of at least about lOOpsi (0.7 MPa) to said second material. 



27. A method of attaching a heat-generating source having a first heat transfer 

surface formed of a first material having a low surface energy to a thermal dissipation member 
having a second heat transfer surface formed of a second material having a surface energy 
substantially higher than the surface energy of the first material, said method comprising the steps 
5 of: 

(a) providing a thermally conductive tape comprising a first pressure sensitive 
adhesive (PSA) surface presented from a layer of a first pressure sensitive adhesive composition 
having an affinity to the first heat transfer surface of the heat generating source, and an opposing 
second pressure sensitive adhesive (PSA) surface presented from a layer of a second pressure 

10 sensitive adhesive composition different from said first composition and having an affinity to the 
second heat transfer surface of the thermal dissipation member; 

(b) bonding under pressure at least a portion of the first heat transfer surface of the 
heat-generating source to said first PSA surface of said tape; and 

(c) bonding under pressure at least a portion of the second heat transfer surface of 
1 5 the thermal dissipation member to said second PSA surface of said tape. 
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whereby the first heat transfer surface of the heat-generating source is disposed opposite 
the second heat transfer surface of the heat generating source in a spaced-apart, conductive heat 
transfer adjacency therewith. 

28. The method of claim 27 wherein said tape is provided in step (a) as further 
comprising a substrate having a first support surface and an opposing second support surface, said 
layer of said first pressure sensitive adhesive composition being coated on said first support 
surface, and said layer of said second pressure sensitive adhesive composition being coated on said 
second support surface. 

29. The method of claim 28 wherein said substrate is selected from the group 
consisting of metal foils, polymeric films, expanded metal meshes, and fiberglass fabrics. 

30. The method of claim 27 wherein said first and said second PSA surface of said 
tape define a thickness dimension therebetween, and wherein said interface has a thickness of 
between about 1 mil (0.025 mm ) and 20 mils (0.5 mm). 

31. The method of claim 27 wherein the first material has a surface energy of less 
than about 100 dynes/cm and the second material has a surface energy of greater than about 500 
dynes/cm. 

32. The method of claim 27 wherein the first material is a plastic and the second 
material is a metal. 

33. The method of claim 27 wherein the heat generating source is a plastic 
packaged electronic component and the thermal dissipation member is a metal heat sink. 

34. The method of claim 27 wherein said first pressure sensitive adhesive 
composition of said tape comprises a silicone pressure sensitive adhesive component optionally 
blended with a first thermally-conductive filler, and wherein said second pressure sensitive 
adhesive composition of said tape comprises a blend of an acrylic pressure sensitive adhesive 
component and a second thermally-conductive filler. 
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35. The method of claim 34 wherein said first pressure sensitive adhesive 
composition comprises between 0% and about 10% by weight of said first thermally-conductive 
filler, and wherein said second pressure sensitive adhesive composition comprises between about 
20% and about 80% by weight of said second thermally conductive filler. 

36. The method of claim 35 wherein said first and said second thermally- 
conductive filler are selected from the group consisting of boron nitride, titanium diboride, 
aluminum oxide, aluminum nitride, magnesium oxide, zinc oxide, silicon carbide, beryllium oxide, 
antimonv oxide, and mixtures thereof. 



37. The method of claim 27 wherein said tape has a thermal conductivity of 

between about 0.1 W7m-°IC and about 1 W/m-°K. 



38. The method of claim 27 wherein said first and said second PSA surface of said 
tape define a thickness dimension therebetween, and wherein said layer of said first pressure 
sensitive adhesive composition has a thickness of between about 0.5 mils (0.0175 mm) and 10 
mils (0.25 mm), and said layer of said second pressure sensitive adhesive composition has a 
thickness of between about 0.5 mils (0.0175 mm) and 10 mils (0.25 mm). 

39. The method of claim 27 wherein said first pressure sensitive adhesive 
composition of said tape exhibits one or both of a lap or die shear adhesion strength, according to 
ASTM D1002 or Chomerics Test Procedure No. 54, respectively, of at least about 100 psi (0.7 
MPa) to said first material, and wherein said second pressure sensitive adhesive composition of 
said tape exhibits one or both of a lap or die shear adhesion, according to ASTM D1002 or 
Chomerics Test Procedure No. 54, respectively, of at least about 100 psi (0.7 MPa) to said second 
material. 



WO 99/05722 



PCT/US98/14975 



1/1 




FTg.2 




34- 



52 



sr../..*...'.*..: 












\ \ 




1 •••♦*• •••.*. 












/ 2t 





F7g"4 



INTERNATIONAL SEARCH REPORT 



Interne \\ Application No 

PCT/US 98/14975 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 H01L23/373 



According to international Patent Classification mPC^ or to cotn national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 H01L 



Documentation searched other than minimum documentation to trie extent that such documents are mciuaea in the fields searched 



Electronic data base consurted during tne international search (name ot data base and. where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category J 


Citation ot document, wrtn indication, where appropnate, ot the relevant passages 


Relevant to claim No. 


Y 


"MODULE FOR IMPROVED HEAT DISSIPATION" 


1.2,14, 




RESEARCH DISCLOSURE, 


15,27,28 




no. 302, June 1989, page 414 XP000034740 






Entire disclosure 




A 




8.21,34 


Y 


US 5 533 256 A (CALL ANSON J ET AL) 


1,2,14, 




9 July 1996 


15,27,28 




cited in the application 






see column 1, line 28 - column 3, line 25 




A 




3-13, 
16-26, 






29-39 




-/-- 





fx] Fui 



irther documents are listed in the continuation of box C 



Patent family members are listed in annex. 



' Special categories of cited documents : 

"A H document defining the general state of the art which is not 

considered to be of particular relevance 
"E H earlier document but published on or after the international 

filing date 

"L" document which may throw doubts on onorrty claimis) or 
which is cited to estaptisn the puoiicationdate of anotner 
citation or other special reason (as specified) 

"O" document refemngto an oral disclosure, use. exmbrtton or 
other means 

"P" document published onor to the international filing date but 
later than the priority date claimed 



T" later document published after the international filing date 
or pnonty date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

X - document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step wnen the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined wrth one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art 

"&" document member of the same patent family 



Date of the actual completion of theinternational search 

8 October 1998 


Date of mailing of the international search report 

16/10/1998 


Name and mailing aadress ot the ISA 

Eurcoean Patent Office. P B 5816 Patentiaan 2 
NL - 2280 HV Rijswi|k 
Tel. (+31-70) 340-2040. Tx 31 651 epo nl, 
Fax: (+31-70) 340-3016 


Authonzed officer 

Odgers, M 



form PCTVtSA/210 (second sne«t) (July 1992) 



page 1 of 2 



INTERN 



NAL SEARCH REPORT 



Intern* I Application No 

PCT/US 98/14975 



C (Contlnuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category J Citation of document, with mdication.where appropriate, ot the relevant passages 



Relevant to claim No. 



US 5 402 006 A (0' DONLEY BOBBY) 
28 March 1995 



see column 1, line 44 - column 2, line 32 

US 4 842 911 A (FICK HERBERT J) 

27 June 1989 

cited in the application 

see column 2, line 33 - column 3, line 26; 

figure 3 

US 5 648 156 A (HAYASHI SATORU) 
15 July 1997 

see column 9, line 62 - column 10, line 
20; figure 4 

US 5 545 473 A (AMEEN JOSEPH G ET AL) 

13 August 1996 

cited in the application 

Entire document 

W0 96 37915 A (SHELDAHL INC) 

28 November 1996 

cited in the application 

see page 7, line 25 ~ page 13, line 11 

PATENT ABSTRACTS OF JAPAN 

vol. 097, no. 008, 29 August 1997 

& JP 09 107057 A (SUMITOMO ELECTRIC IND 

LTD), 22 April 1997 

see abstract 



1,5-7, 
14, 

18-20 , 
27,31-33 



1,14,27 



1,14,27 



1-39 



1,3-14, 

16-27, 

29-39 



5-7,18, 
20,31-33 



1 



Form PCT/ISA/21 O (contmuaOon of second sheel) (July 1992) 



page 2 of 2 



INTERN AT^WAL SEARCH 


REPORT Q 1 - 


Application No 




j Interna 


^rmstion on pAtont f unity mem 


oer» 


1 DPT /I 1 C 

j rL 1 / Uo 


98/14975 


Patent document | Publication j 




Patent family 


Publication 


cited m searcn report j date 




member(s) 


j date 


US 5533256 A 09-07-1996 


CN 


1120736 A 


17-04-1996 


EP 


0693780 A 


24-01-1996 




Jr 


oU40Uyo A 


16-02-1996 


US 5402006 A 28-03-1995 


JP 


6236946 A 


23-08-1994 


US 4842911 A 27-06-1989 


US 


4602678 A 


29-07-1986 


US 


4685987 A 


11-08-1987 


US 5648156 A 15-0/-199/ 


JP 


2756075 B 


L. J VJ-J X77U 


JP 


7050460 A 






CN 


1106606 A,B 


OQ-flA-1 QQR 




DE 


4427994 A 


U J UL 1 -7-73 




GB 


2280782 A,B 






US 


5527604 A 


1 A-flfi-1 QQfi 




US 


5578366 A 


?fi-l 1 -1 QQfi 




US 


5567917 A 






1 1 c 

US 


5648157 A 


15-07-1997 




US 


5578367 A 


26-11-1996 




us 


5670241 A 


23-09-1997 


US 5545473 A 13-08-1996 


AU 


7199794 A 


?Q-fift-1 QQC 
£.7 UO 1773 


CA 


2153501 A 


i 7-0R-1 QQC* 

1/ uO 1773 




CN 


1117770 A 


?8-fl?-1 QQfi 

£0 UL 177U 




EP 


0694212 A 


-51 _ni _1 QQfi 
Jl ul 1 77U 




JP 


8509324 T 


01-10-1996 




WO 


9522175 A 


17-08-1995 




us 


5591034 A 


07-01-1997 


WO 9637915 A 28-11-1996 


us 


5798171 A 


25-08-1998 


us 


5766740 A 


16-06-1998 





rorm PCT/1SA/210 ( patent tarrrty annex > (July 1992> 



